This paper presents the use of a remote access laboratory, a WebLab, with real equipments and systems that can be controlled remotely by the web. At the approach, the WebLab allows the development of multidisciplinary experiments in control and automation areas that can be used as a tool for engineering education and for research projects. This first WebLab includes an application that allows the remote access using a page on internet for drive control of a DC motor. Using this application the user can perform experiments as the open loop test in DC motor in order to obtain non-parametric system model and tuning of PID controller to ensure efficient speed and position motor control.
Introduction
The continuous evolution of technology of information and the growing of new computational tools provide considerable advances to remote education and research fields. The laboratories using remote access, i.e. the WebLabs, are clear examples of computation use in education, but with a large differential because provide a possibility of a real learning with a distance supervision. This is possible mainly because the WebLabs provide a possibility of developing practical experiments, by accessing the equipment through the net in real laboratories and thus permitting control and data acquisition in real time.
Remote laboratories represent a very important evolution in the concept of digital inclusion, because it can provide to students and researchers, independent of their economic level, access to equipment, some of them complex and relatively expensive, installed at laboratories of different universities. Additionally WebLabs can offer to the students the possibility to be trained in the use of equipment similar to that found at real world, and also permit the integration between students and universities promoting the development of news researches and stimulate the implantation of cooperation projects.
WebLabs have been developed and implanted in several Brazilian universities since last decade, presenting solutions for remote operations generally using commercially available softwares [1] [2] [3] and some of them using dedicated networks [4] . Several authors report about experience in utilization of WebLabs for teaching physics, chemistry [5, 6] , processes control [7, 8] and robotics [9] . Some WebLabs provide the possibility of development electronics experiments, including simulation tools [10, 11] .
This paper presents the implementation of a typical industrial process, that uses control system equipment and can be remotely controlled through internet access. The WebLab is being used as an interactive didactic teaching tool with multidisciplinary approach. At this point, the focus was control and instrumentation classroom.
WebLabs in Engineering Education
As experimentation plays a key role in the formation of an engineer, the majority of the use of WebLabs in formal education is focused on engineering education [12] , with the aim of increasing the moments of access to experiments by students and to contribute to improving the training in the area.
Current psychopedagogical theories point to the importance of considering the different pace of learning of each student in the process of construction of his or her knowledge. The WebLabs respect this individuality by providing the time necessary to the learner manipulate the learning object beyond the disposable time in a traditional hands-on laboratory [13] .
Research results show some advantages of this technological resource in the engineering teachinglearning process. For example, the same experiment can be shared with a pool of educational institutions, the use of automation may remove the serendipity associated with traditional laboratory learning, and the remote laboratory is able to emphasize the conceptual understanding [12] .
Furthermore, unlike the hands-on labs, for which all the necessary equipment are commercially available in their final form of use, each experiment in a WebLab should be designed within an instructional design and properly constructed or adapted to allow its control and/or remote viewing in real time, which means to combine both teaching and research activities during its development.
Data Acquisition System
A computer-based control system is typically formed by the digital computer, the data acquisition board, the interface electronic circuits and the software package that allow the user to obtain, analyze and display all the experimental data [14] .
The plant control system used in this WebLab was developed utilizing a data acquisition system with educational ELVIS ® (Educational Laboratory Virtual Instrumentation Suite) toolkit and LabVIEW ® programming language with a graphical man-machine interface [15] . The system is illustrated at Figure 1 
Velocity and Position Control System
The CtBoard project was homemade and its development was executed by a Brazilian company specialized in didactic kits field. It is constituted by the following components: -24 V, 0,5A Direct current motor (DC) with about 10,7 x 1 reduction; -Encoder System employing optical sensors (optoelectronic switches PHCTX0X), LED and phototransistor; -24 V and 1,5 A Power supply; -Micro controlled system utilizing DsPIC (dsPIC33FJ64GP706); and -Driver for motor (bridge H LMD18200).
The communication between the motor and the ELVIS ® platform is made by analog input and output channels. One of the analog output is connected to the power integrated circuit (driver) that generates the motor actuation signal. The CtBoard module has one current sensor in addition to one electronic circuit for pulse generation according with motor rotation, working similarly to the encoder. Module CtBoard was equipped with a current sensor in addition to the electronic circuitry used to generate a pulse signal that is proportional to the motor´s rotation. The system utilizes two optical sensor adequately positioned to detect the movement of teeth disk. With this arrangement is possible to determine the angular position of axis as well as to implement the pulse counter, determining thus the motor velocity. Two sensors were utilized, properly mounted so that is possible obtain a reference signal of the actuation direction (clockwise or counterclockwise). This signal is treated at CtBoard through the processor dsPIC33FJ64GP706 so that all the signals concerning position, angular velocity and motor current are connected to ELVIS ® analog input channels. The system is illustrated in Figure 2 . 
Weblab Development
The man machine interface was developed by using LabVIEW , Yawcam ® and HTML codes. Basically, four steps were required: (i) create LabVIEW applicative as an appropriate man-machine interface to the user, considering to allow the speed control and also the position of the continuous current motor; (ii) enable the WebServer option to obtain remote access and thus to configure the access managing panel; (iii) develop the image capture and transmission system and (iv) modify the html code, inserting text containing introduction and fundamentals, specific information about the school and general instructions to the user.
LabVIEW ® Applicative
The control applicative is basically a graphic language package developed to allow the access to the data acquisition system and also to introduce the control components using the Control Design and Simulation package. Figure 3 show an example of control algorithm developed in LabVIEW ® and briefly presented. The user interface permits the visualization the output signal of the sensors and the controller set-point modification, as presented at Figure 4 . Additionally, the user can select the controlled variable (position or velocity) and the PID controller operation mode: open loop or closed loop. The user can, also, adjust the PID controller parameters, defining values for K P , K I e K D , keeping in mind that the sampling period was set as T = 0,01 s. Obviously, as a pre-requisite to the user, is necessary to have a background in control theory applied to control system Project. Considering the adjusted parameters, the user can modify the input value (Set Point) and follow the control system performance, checking if the motor velocity or the motor position is changed in response to the input signal.
WebServer
To get remote access, is necessary to enable the WebServer function and in the sequence use the Web Publishing Tools to transmit, via internet, the experiment to the user display. By means of this Through this tool the user can make various settings associated with viewing mode, page refresh time, title initial setup, header and footer of the website, choose the html file name and most importantly, the address of the document page, which must be associated with an available IP address.
Considering the choice of adequate set of initial settings, it is possible make access to the experiment. To do this, the user must be entered on the browser of the WebLab internet address, which in this particular case has been chosen as:
http://weblab1.maua.br
For full access to the programming window becomes necessary to download and install the LabVIEW RunTime Engine 2010 tool, obtained directly from National Instruments page. It is a free software, that can be used with or without any other LabVIEW applicative installed on the user machine [16] .
Another important tool that can be configured in software is the management console access, where information about the users connected to the WebLab is provided. Through this tool it is possible to get a list of users who have accessed the experiment (computer´s name and user IP), date and time of beginning and end of the connection, the connection status and data transfer rate in bytes per second. It is also possible to perform access time control, so that when morn the case of more than one user is trying to access the experiment, the applicative generates a queuing system in which the user that execute the first access to the network can maintain control for a limited period of time. At the end of this period, the access is blocked and the experiment is released to other users who are in the queue. 
Image Capture and Transmission System
To allow an improved user interaction with the experiment, two WebLab's Webcams were added. The first on, captures an overall picture of the system in real time, allowing the user to view the entire plant in operation. The second one obtains an image of the disk coupled to the motor shaft, allowing the user to follow the movement of the motor shaft and the corresponding angular displacement produced. This image is particularly important for the analysis of system operation control position. Various software may be used to allow access to the image. In this application we used the Yawcam software that captures images and continuously records in the same location on the computer. When the page opens, Javascript code is executed, the server image captured and showed on the computer display. This code is repeated every 100ms, thus allowing the user to work with 10 FPS (frame per seconds).
HTML Code Modification
After the creation of WebLab using Web Publishing Tools the user can access the web page created and modify it using any text editor. In this case, the changes made in the HTML include: -Inclusion of images produced by the webcams; -Create custom header and footer with information about the institution and identification of the researchers involved in the project; -Adjustment and modification of the title of the experiment, including the logo with link to the page of the educational institution; -Presentation of theoretical introduction to the experiment; -Presentation of instructions for using the experiment as well as a warning about the need to install LabVIEW ® Runtime Engine
Weblab Experiments
The remote laboratory developed can be used as an interactive tool to remote classroom, allowing students to evaluate in practice learning in the area of control engineering. The following experiments can be performed using WebLab: -Mathematical modeling of systems for speed and position control; -Analysis of the dynamic behavior and stability of control systems for speed and position applications; -Design and implementation of PID control systems for speed and position. -The experiments listed above were offered as teaching activity for students of postgraduate studies in Control and Automation Engineering. The WebLab proved to be an excellent alternative to allow the assessment of learning of concepts such as analysis of the dynamic behavior of linear systems, error analysis stationary control systems with feedback, modeling non-parametric linear systems of 1st and 2nd order , stability analysis based on the Routh stability criterion, proportional controller design method based on the root locus and implementation of these controllers, tuning of PID controllers and their effect on the presence of nonlinearities, etc.
Conclusion
The remote laboratory was efficiently developed using the speed and position control plant of a DC motor, data acquisition system based on teaching kit from National Instruments (ELVIS ) and a program developed using LabVIEW . The application with remote access was performed using the LabVIEW application WebServer which can be configured to limit access time of each user as well as manage access requests. Through WebLab it is possible to perform testing an open loop control system by modifying the input (Set Point) to produce changes in speed or angular positioning motor. It is also possible to tune PID controller inserted in feedback control loop. The tuning can be performed in real time by the user, using the interface accessible on the Internet, where it is possible to visualize the dynamic behavior of the system from modifications of the parameters of the controller.
The application developed was used as a didactic tool for interactive remote classroom, allowing students of postgraduate studies in Industrial Automation and Control Engineering could evaluate in practice their learning advances in the area of control engineering. The results were very promising, showing the feasibility of using remote lab as a teaching tool and learning assessment.
The main features of the developed solution are: -Intuitive interface and user friendly with visual waveform of the test as well as the image captured in real time; -Easy setup and production software interface; -Allows performing several experiments and applications of various concepts of control engineering.
Moreover, a major disadvantage is the need of installing a LabVIEW® tool, requiring a procedure which can be relatively time consuming depending on the used computer and, consequently, can be discouraging, especially for those who have little time to dedicate to the access to the experiment.
It is hoped that this work will boost other research projects and experiments related to remote robotics, industrial process control and image processing. Soon it is intended to add one WebLab multivariable process plant using temperature and level and a inverted pendulum system, which will retain the characteristic of allowing access and remote control of the experiment.
